Purpose of review Adolescent varicocele is a common lesion which remains poorly understood. Recent research in pathophysiology and surgical management has shed new light on this increasingly diagnosed clinical entity.
Introduction
Varicocele in the adolescent is becoming an increasingly important topic as better informed pediatricians are making this diagnosis with greater regularity. The incidence of adolescent varicocele is 15% but given the combined 6% incidence of grade II and grade III varicoceles, there is the potential for this to be the most common surgically correctable congenital abnormality in adolescent males [1] . Yet, varicocele remains poorly understood and its management is controversial. Recent varicocele-related research has focused on four broad areas: pathophysiology, diagnosis and surgical indications, operative techniques, and surgical outcomes.
Pathophysiology
The precise mechanism by which varicocele impairs fertility has been the subject of considerable research. There has been agreement that the deleterious effect is in some way due to increased testis temperature. Using the dog model, Hurt and associates [2] have shown this to be secondary to increased testicular blood flow. If increased blood flow, alone, was responsible for the testicular dysfunction, one would predict a quantitative effect such that correction of larger rather than smaller varicoceles would more greatly enhance fertility. This finding, however, has not been clearly demonstrated clinically.
The mechanism for testicular dysfunction at a cellular level has remained mysterious. As it is known that heat stress compromises spermatogenesis, logically, investigators have studied the expression of heat shock protein A2 (HspA2) as it relates to varicocele. Expression of this protein appears to be a primary cellular response to stress. Varicocele patients with oligospermia versus those with normal sperm concentration have been found to have downregulation of HspA2 gene expression. In addition to HspA2 levels being lower in infertile men with varicocele, they increased significantly following varicocelectomy [3, 4] . Therefore, expression levels of this gene may serve as a molecular marker for acquisition of thermal tolerance.
As varicocele has been associated with oxidative stress patterns, a number of studies have evaluated reactive oxygen species in spermatic venous blood and seminal plasma of varicocele patients. One study [5] noted elevated levels of reactive oxygen species and decreased levels of antioxidants in the internal spermatic veins relative to peripheral circulation of varicocele patients.
Another study [6] , however, found that varicocelectomy reduced oxidative stress in involved testes as indicated by increased expression of 4-hydroxy-2 nonenal proteins. Mancini et al. [7] evaluated seminal fluid and plasma coenzyme Q10, a component of mitochondrial respiration and a potent antioxidant. They noted differences in seminal concentrations and distribution of CoQ10 in varicocele patients relative to controls that were partially reversed by varicocelectomy.
Other investigations have focused on testicular calcium channel alterations related to varicocele. One group [8] studied L-type voltage-dependent calcium channel mRNAs and proteins in testis biopsies pre and post varicocelectomy. Their sequence analysis showed that infertile varicocele patients with full-length calcium channel sequences had improved sperm concentration following varicocelectomy versus those who lacked the calcium channel sequences, in whom increased testicular cadmium (a testicular toxin) and apoptosis was observed.
In another study of boys with and without varicocele [9] , while no difference in standard semen parameters was found, greater DNA fragmentation was noted in those with varicocele, suggesting that this may serve as a marker of sperm function. A subsequent study [10] demonstrated a reduction in DNA denaturation following varicocelectomy.
Finally, on a very macroscopic level, two recent studies [11 ,12] found there to be an inverse correlation between body mass index and incidence of varicocele. They suggested that this may relate to the greater likelihood of a 'nutcracker' phenomenon occurring in the absence of increased adiposity, thereby allowing greater compression of the left renal vein by the superior mesenteric artery and aorta.
Thus, while the etiology of varicocele as well as its impact on the testis at a cellular level remain unclear, fruitful avenues of research appear to be developing.
Diagnosis and surgical indications
The diagnosis of varicocele and the role of imaging relative to physical exam findings in defining the lesion have remained controversial. Recent studies have focused on the use of color Doppler ultrasound and testicular scintigraphy to predict the postoperative response to varicocelectomy.
A German Doppler ultrasound based prevalence study [13] detected varicoceles in 42% of adolescents. The majority of cases were subclinical or grade I; however, this figure far exceeds the established 15% prevalence value based on physical examination, alone. It begs the questions as to how the lesion should be properly defined and which varicoceles deserve treatment. In an attempt to address these issues, Schiff et al. [14 ] performed preoperative ultrasound correlation with postoperative semen parameters in 68 infertile varicocele patients and found the greatest improvement when the preoperative spermatic venous diameter exceeded 3 mm and reversal of spermatic venous flow on valsalva was demonstrated. Another group [15] correlated both Doppler grade and testicular scintigraphy preoperatively with postvaricocelectomy semen parameters and found both studies to be equally predictive of improvement following surgery. The Doppler ultrasound has also been used to more specifically define the anatomy of varicocele patients with the potential for tailoring treatment. Kim et al. [16] combined Doppler ultrasound with venography in order to determine the frequency of the 'nutcracker' phenomenon as an etiology of varicocele. Of those patients studied with both techniques, 77% had evidence of pinching of the left renal vein between the superior mesenteric artery and aorta consistent with the nutcracker phenomenon. As a group, these varicocele patients had an elevated diameter of the proximal left renal vein and increased peak velocity in the aortomesenteric portion of the left renal vein relative to controls. Another group [17] used the color Doppler ultrasound preoperatively to distinguish spermatic venous anatomy of Coolsaet I varicoceles (isolated renal-internal spermatic vein reflux) for whom they performed laparoscopic spermatic ligations, versus those with Coolsaet III anatomy (iliac-deferential reflux) for whom they performed subinguinal microsurgical varicocelectomy. They claimed that their 100% success rate argued for this selective operative approach.
Whether the Doppler ultrasound diagnosis of varicocele adds anything significant to physical examination remains unproven. There are conflicting data regarding the value of operating on subclinical varicoceles. It is my interpretation that the evidence for doing so is not compelling. In a recent study, Pasqualotto et al. [18] concluded that it is worth operating on a subclinical right varicocele if one is correcting a clinically apparent left varicocele. In comparing two groups of patients, those with left varicocele only undergoing unilateral repair and those with clinical left and subclinical right varicoceles undergoing bilateral repair, the latter group had greater improvement in sperm concentration postoperatively.
In another study, Pasqualotto et al. [19] argued for the importance of abnormal semen profiles as the primary indication for surgical correction. Our group in Boston feel similarly, fully acknowledging that not every Tanner V adolescent is comfortable performing a semen analysis. While we have not found there to be a correlation between varicocele grade and testicular volume differentials in our adolescent varicocele database, we have found there to be a correlation between increasing testicular volume differentials and abnormal semen parameters [20, 21] . In a study of 57 boys [21] , those with volume differentials between the involved left and uninvolved right testes of 10-20% had an 11% chance of having a subnormal total motile sperm count. If the testicular volume differential exceeded 20%, the total motile sperm count was abnormal in 59%. As a result, we believe that a semen analysis is an important indicator of the need for surgical correction and particularly critical for those with greater than 20% volume differentials between testes.
It is rational to manage most adolescent patients with a varicocele by observation and regular follow-up examinations. Those who would clearly fall into this category would be boys with equal testicular volume and no symptoms, independent of varicocele size. We combine an annual physical examination with scrotal ultrasonography to measure testicular volume as precisely as possible. Once these patients become Tanner stage V, it is desirable to obtain semen analysis data when they are willing to comply. An annual semen analysis would seem to be the most responsible way to follow patients observationally, assessing the most sensitive physiological variable of the effect of a varicocele. When an adolescent patient presents with significant testicular disproportion, it seems reasonable to confirm this finding for 6-12 months and then offer surgical correction. Alternatively, if this same patient produced a normal semen analysis and agreed to be followed with annual semen analyses and scrotal ultrasonography, a nonoperative approach could reasonably be taken.
Raman et al. [22] noted a remarkably high incidence (>50%) of varicocele in first-degree relatives of patients with clinical varicoceles. This represents eight times the control incidence. Increasing varicocele grade and bilaterality did not increase the familial incidence. This remains an area deserving of further study.
Operative techniques
Surgical repair of varicocele has historically entailed either a classic inguinal approach (Ivanissevich) at the level of the spermatic cord or high retroperitoneal inguinal repair (Palomo) with mass ligation of all spermatic vascular structures. While both approaches have proven to be effective, newer techniques have provided refinements to surgery and cause for debate as to the optimal approach.
Laparoscopy has enabled one to approximate the Palomo procedure transperitoneally in a minimally invasive fashion. Two recent series noted a 98-99% success rate with this technique, approximating figures from open surgical series [23, 24 ] . The limitation of the laparoscopic Palomo approach, however, has been a high hydrocele rate (between 12 and 23% in these series). The Vanderbilt group found that this could be reduced if one merely clipped but did not divide the vessels. In their series, in which they compared their attempt to spare lymphatics with a laparoscopic approach versus a standard approach, Kocvara et al. [25] noted a drop in hydrocele rate from 18-20% to 2-3% with lymphatic sparing with no change in surgical success (91-93%). The perioperative use of isosulphan blue to demonstrate the lymphatic drainage by injecting the material scrotally prior to incision has appeared promising [26 ] . In a prospective, randomized study Schwentner et al. [27] had a 0% hydrocele rate when aided by isosulphan blue versus 16% when operating without it.
In addition, the conversion of an open retroperitoneal operation to a transperitoneal one laparoscopically with the associated risks of violating the peritoneal cavity has been a source of concern. In their experience with retroperitoneoscopic varicocelectomy, Cobellis et al. [28] were forced to convert to a transperitoneal approach in 17% and had an 11% recurrence rate. Although this approach has great theoretical appeal, these investigators recognize the significant learning curve involved.
One particularly attractive application of the transperitoneal laparoscopic approach is in repair of bilateral varicoceles, which we employ in Boston.
The other technical aspect of varicocele surgery that has received considerable attention is preservation of the spermatic artery. Although, historically, sacrificing the artery in a Palomo mass ligation technique has not resulted in testicular atrophy or compromised semen parameters, the principle of optimizing blood flow to the testis for maximum benefit to spermatogenesis is a theoretically appealing one. Goldstein et al. [29] has promoted the subinguinal microsurgical correction of varicocele as a minimally invasive approach that affords arterial and lymphatic identification and preservation, thereby minimizing hydrocele.
Yaman et al. [30] recently presented their experience with 92 boys, aged 11-18, undergoing a microscopic subinguinal approach and had a 98% success rate without varicocele. Unlike Goldstein et al., who delivers the testis to ligate gubernacular branches, these authors did not incorporate testis delivery into their approach. Cayan et al. [31] reviewed their long-term experience with varicocele repair, comparing success rates to form of optical magnification and found that with the microscope they had no recurrences and no hydroceles; with loupe magnification they had a 3% rate of recurrence and hydrocele and without magnification at all both rates rose to 9% recurrence and 6% hydrocele.
In another comparison of approaches, Gontero et al. [32] , using loupes, experienced a higher recurrence rate with the subinguinal approach (15%) versus inguinal (8%), which they attributed to the increased number of vascular branches encountered subinguinally. Orhan et al. [33] also compared the inguinal to subinguinal approaches, employing the microscope to both, and found no difference in recurrence (1-2%) and no hydrocele occurrence using either approach but a significant increase in vascular branches encountered subinguinally.
One concern with the subinguinal microscopic technique has been the rare case of testicular atrophy -a dreaded complication. Chan et al. [34] reviewed outcomes following accidental ligation of the spermatic artery in 19 cases, representing 1% of their surgical experience. In only one of the 19 cases (5%) was there evidence of atrophy consistent with adequate collateral flow in the majority. They noted smaller arterial size associated with smaller testes, reminding us that for younger adolescents, the risks of the microsurgical subinguinal approach are likely higher.
We have analyzed our experience in Boston employing four surgical techniques of spermatic vein ligationIvanissevich, Palomo, subinguinal and laparoscopic. We studied success and complication rates according to procedure as well as the added impact of microsurgery and artery sparing. Some clear trends were apparent. The low inguinal (Ivanissevich) approach strongly appeared to be the least successful and was associated with the second highest hydrocele rate. The high success rate of laparoscopic surgery (100%) was mitigated by the highest hydrocele rate postoperatively. Neither microsurgery nor artery sparing resulted in a significant difference in success rates but they resulted in significantly lower hydrocele rates. In our experience, the high inguinal and subinguinal approaches had comparably high success and low hydrocele rates, but one case of testicular atrophy associated with the microscopic subinguinal approach supports caution when employing this technique.
Surgical outcomes
Very little clinical research on the functional outcomes of adolescent varicocelectomy has been done. Historically, the majority of studies have focused on rebound growth of the involved testis, which is recognized in 50-90% of cases [35] .
One recent study [36] compared pre and postoperative improvement in semen parameters among adolescents and fertile and infertile adults with varicocele. The degree of improvement in spermatogenesis was no different among groups, although adolescents with varicocele had better baseline semen parameters than infertile adults, and, therefore better endpoints.
Another study [37] used color Doppler ultrasound to compare testicular circulation between microsurgical subinguinal spermatic vein ligation and high ligation, both with artery sparing technique. The finding that there was no difference in blood flow argues against any compromise following ligation of all but the deferential vein using the subinguinal approach.
We have found scrotal pain an uncommon presentation of adolescent varicocele within our Boston database of approximately 500 patients (3-4% incidence). In a series [38] of 144 men aged 19-25 with scrotal pain as the presenting symptom of varicocele, spermatic vein ligation was successful in 83% with complete resolution of pain in 61% and partial resolution in 22%.
A number of recent studies [39, 40] of infertile adults have correlated preoperative testicular histology with improvement of semen parameters postoperatively. They have demonstrated the benefit of varicocelectomy in the setting of hypospermatogenesis or maturation arrest but not in the presence of Sertoli cell only syndrome. Patients as young as 18-19 were included in these studies, but the mean ages were well into the adult range. Therefore, the applicability of these findings to the adolescent and young adult is unclear.
A study by Salzhauer et al. [41] demonstrated 100% paternity in a cohort of young orthodox male Jews undergoing spermatic vein ligation. Whether or not fertility was improved by the procedure remains unproven. What remains lacking are clear studies demonstrating improved semen parameters in individual adolescents undergoing varicocelectomy.
Conclusion
Continued progress has been made in our understanding of the pathophysiology and management of adolescent varicocele. Future research will focus on important functional aspects of the lesion. For example, why do certain varicoceles but not others result in testicular hypotrophy or impaired spermatogenesis? Similarly, functional outcomes following surgery in terms of spermatogenesis and fertility data should help to refine patient selection for more aggressive management.
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